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Aims
To examine the relationship between the LTPA and the prevalence of job strain.
Methods
The participants were 861 full-time employees (406 men and 455 women), aged 24239 years in 2001, from the ongoing Cardiovascular Risk in Young Finns Study. LTPA was assessed using a self-report questionnaire in 1992 and in 2001. The participants were grouped into four categories according to tertiles of LTPA index at two time points: persistently active, increasingly active, decreasingly active and persistently inactive. Job strain was measured in 2001 by indicators of job demands and job control.
Results
Baseline LTPA was inversely associated with job strain (P , 0.001) and job demands (P , 0.05) and directly associated with job control (P , 0.05) in both sexes in a model adjusted for the change in 9-year LTPA, age, educational level, occupational status and smoking. Compared with persistently active participants, persistently inactive participants had a 4.0-fold higher job strain after adjustment for the confounders. Similarly, persistently inactive participants had a 2.7-fold higher job demands and a 1.8-fold lower job control. Decreasing physical activity was independently associated with high job strain (P , 0.01) and with low job control (P , 0.01).
Introduction
Work-related stress is the second most common workrelated health problem, after back pain, affecting 28% of workers across all types of employment sectors in European Union countries [1] . Job strain is defined as the combination of high psychological job demands and low job decision latitude on the basis of the demand-control model [2] . Most studies have shown an inverse relationship between job strain and leisure-time physical activity (LTPA) in both sexes [3] [4] [5] or in men only [6, 7] . However, in some studies, an association between job strain and LTPA has not been found [8] [9] [10] [11] . Some of the studies failing to show a relationship between a composite job strain score and LTPA have, however, shown that the individual components of job strain, i.e. high job demands [12, 13] or low job control [12, 14] , are associated with low LTPA. Furthermore, all previous studies have been cross-sectional. To date, research on the role of past and current LTPA in the prediction of job strain and its components is scarce and there is a lack of prospective data that is able to show such an association. Consequently, little is known about how change in LTPA relates to job strain indicators of employees over time. The purpose of this study is to examine the effects of baseline and current LTPA on the indicators of job strain in Finnish young employees who were examined at baseline in 1992 and again after 9 years. In addition, it aims to examine the effects of change in LTPA during 9 years on job strain. To our knowledge, this is the first study to examine the long-term effects of LTPA on the indicators of job strain among employees in a population-based study.
Methods
The Cardiovascular Risk in Young Finns Study [15] is an ongoing longitudinal population-based study consisting of a series of six surveys of six cohorts born in 1962, 1965, 1968, 1971, 1974 and 1977 . The participants were 3, 6, 9, 12, 15 and 18 years of age at the start of the study in 1980. All subjects were randomly selected (N 5 3596) from the five Finnish university cities with medical schools (Helsinki, Kuopio, Oulu, Tampere and Turku) and their surrounding communities at baseline. They were followed up in 1983, 1986, 1989, 1992 and 2001 . A more complete description of the study has been reported elsewhere [15, 16] . The study protocol was reviewed and approved by the ethics committee of each of the five participating universities and the subject's informed consent was obtained [15, 17] .
In this study, the data cover all six cohorts, aged from 15 to 30 years in 1992 and 24 to 39 years in 2001. The mean follow-up period between the two phases was 9 years.
LTPA was assessed using a self-report questionnaire that was administered in connection with a medical examination in both 1992 and 2001. Information collected included the intensity of physical activity, the frequency of vigorous physical activity, the hours spent on vigorous physical activity, the average duration of a physical activity session and the participation in organized physical activity. All the answers were coded from inactivity or very low activity (51) to regular or vigorous activity (53) and then computed to form a physical activity index with a total score ranging from 5 to 15. The details of the assessment, reliability, stability and validity of both indices have previously been reported elsewhere [18, 19] .
The participants were first divided into tertiles; the highly active (tertile 3) represented moderate or vigorous physical activity at least twice a week, the moderately active (tertile 2) represented moderate physical activity once a week and the inactive (tertile 1) represented physical activity less than once a week or no participation at all. LTPA was defined here to mean continuous exercise for at least 30 min per session. Subjects in the inactive tertile served as the reference group. The cut-off points of the LTPA score in two phases were 12-15 for highly active, 9-11 for moderately active and 5-8 for inactive. The participants were then coded at two categories in both phases: 1 5 the moderately and highly active group and 0 5 the inactive group. After that, participants were categorized into four groups: persistently active had score 1 in both 1992 and 2001, increasingly active had 0 in 1992 but 1 in 2001, decreasingly active had 1 in 1992 but 0 in 2001 and persistently inactive had 0 in both phases. Change score in the LTPA (DLTPA) was also calculated by subtracting baseline LTPA from followup LTPA.
Job demands were assessed by a three-item scale that was adapted from a Finnish version of the Occupational Stress Questionnaire [20] , which has been examined in a large cohort of .25 000 employees covering a variety of occupations for population-based studies in Finland [21] . The three items used in the present study were 'Do you have to hurry to get your work done?', 'Does your work have phases that are too difficult?' and 'Is your work mentally strenuous?'. These items corresponded quite well with job demands in the original job strain model [2] . The responses were rated on a 5-point scale ranging from 'never' (51) to 'all the time' (55). Job control was measured with a nine-item scale adapted from the Job Content Questionnaire [22] , e.g. 'I can make independent decisions at my work' with a 5-point scale ranging from 'strongly disagree' (51) to 'strongly agree' (55). The reliability of Job Demands Scale and Job Control Scale has previously been given to be considerably high [23] .
We used two different formulations of job strain. First, the linear term was a continuous job strain variable obtained by subtracting job control from job demands [24] , which was converted to standardized z-scores. Second, the tertilebased job strain was formulated as follows: distributions of job demands and job control were divided into tertiles, the highest two tertiles in demands combined with lowest two tertiles in control formed the high strain category and lowest two tertiles in demands combined with highest two tertiles in control formed the low strain category. All other combinations were placed into the intermediate strain category (Figure 1 ). The categories were not overlapping with one another. The tertile-based job strain formulation has been described in detail previously [23] . Job strain was coded as an ordinal variable ranging from 1 to 3, with higher values indicating higher strain.
Group comparisons were assessed using either Student's t-tests or categories of LTPA at baseline and follow-up adjusted for age. Linear regression analysis was used to calculate partial correlation coefficients (b) between LTPA variables and job strain when age, education occupation and smoking were as covariates simultaneously entered into the model. Logistic regression analysis was used calculate odds ratios (OR) and 95% confidence intervals (CI) for the probability of having high job strain according to 9-year change in LTPA adjusting for the covariate variables, with persistently active as the reference group. Level of significance was P ,0.05. All the statistical analyses were performed using SPSS 16.0 for Window (SPSS Inc., Chicago, IL).
Results
Complete data on physical activity and job strain variables were available for 861 full-time employed young adults (406 men and 455 women) after exclusions. These included participants who were not yet employed or were currently doing part-time jobs in 2001 (n 5 691), pregnant women (n 5 13 in 1992, n 5 62 in 2001) and participants with type 1 (n 5 16) and type 2 diabetes (n 5 1). There were 49 participants who had died before data were collected in 2001. No participants showed ischaemic heart disease. The attrition analyses showed that participants of the present study were not different from the baseline study population with regard to LTPA and job strain (all P . 0.05). The participants who were excluded from the analyses were more likely to be female and younger, to be less educated, have lower occupational status and more likely to smoke than the included ones. Although some of these comparisons were significant, the mean differences between included and excluded participants were small.
Women had significantly higher job demands and job strain than men (Table 1 ). There were no sex differences in job control. LTPA was significantly higher among men than women at baseline, but not at the follow-up. Men were lower educated, more often in manual work and more likely to smoke than women. A significant difference was found in change of 9-year LTPA between men and women. Men were more likely to maintain their physical activity than women, whereas women's dropout rates in LTPA were higher than those of men.
Men and women with a high level of baseline LTPA had lower job strain at follow-up compared with inactive men and women (Table 2 ). Significant differences between the baseline LTPA groups (high versus low) were found in components of job strain by sex so that those with high LTPA had lower job demands for men and those with high LTPA had higher job control for women. Men with the baseline moderate LTPA had significantly lower level of job demands than their inactive counterparts. Similar results were found within the follow-up LTPA group. Participants who had the high level of follow-up LTPA had lower job strain, higher job control and lower job demands than those who were physically inactive.
The change in LTPA over 9-year period was significantly associated with the continuous job strain indicator in both sexes (Table 2) . Persistently physically active men and women were significantly less likely to have job strain and high job demands and more likely to have high job control as compared with persistently inactive individuals. Increasingly active participants were also less likely (14) LTPA, leisure time physical activity; SD, standard deviation; NS, non-significant. a All continuous variables were examined using t-tests and categorical variables were evaluated using x 2 tests. *P , 0.05; **P , 0.01; ***P , 0.001.
to have job strain and high job demands than persistently inactive ones. In Table 3 , baseline LTPA and covariate variables were entered simultaneously as predictors for job strain indictor in model 1. Only baseline LTPA emerged as a significant predictor of job strain in men and women. Also, baseline LTPA was inversely related to job demands among men but not women and positively related to job control among women but not men. The follow-up LTPA was inversely and significantly associated with job strain and job demands in both sexes in model 2. High LTPA at follow-up was also associated with high job control in men but not women. When baseline LTPA and 9-year change of LTPA were simultaneously entered into the final model (model 3), they both significantly predicted job strain in both sexes and also job control in men and job demands in women. In all three models, occupational status and educational level remained significant predictors of job demands in men, but age or smoking did not predict the job factors in adulthood. Table 4 shows that persistently inactive participants were more likely to develop the job strain than persistently active ones. After adjusting for baseline age, sex, educational levels, occupational status and smoking, the associations remained significant (OR 4.0; 95% CI 2.17-7.39). Similarly, persistently inactive participants had higher OR for high job demands (OR 2.7; 95% CI 1.59-4.59) and for job control (OR 1.8; 95% CI 1.08-3.15) compared with the reference group. Decreasing physical activity was associated with high job strain (OR 2.4; 95% CI 1.29-4.40) and with low job control (OR 2.2; 95% CI 1.25-3.88) when persistently active group was used as the reference after adjusting for the potential confounders. All analyses were repeated in two age groups (15-21 years and 24-30 years at baseline) with similar results (data not shown).
Discussion
This study showed that LTPA history over a 9-year follow-up was inversely associated with job strain, as measured by a combination of high job demands and low job control, in full-time-employed young men and women. Participants who reported persistent physical inactivity over 9 years had a higher risk of job strain than those who reported persistent activity. Decreasing physical activity was associated with higher job strain and lower job control compared to the reference group. Furthermore, potential confounders such as age, sex, educational level, occupational status and smoking were entered into the model with physical activity, and the results were not changed.
The strength of the study is the longitudinal population-based design, which has allowed examination of the effect of change in LTPA on job strain outcomes over a long interval in the cohorts. The weakness of the study is that self-reported job strain was assessed at a single time point only, and therefore, it is difficult to prove a causal relation. Another limitation of our study is that our participants were relatively young compared with the age at which job strain is most common (middle age or older populations). However, it is noteworthy that even at this age, the prevalence of job strain was high enough to allow analysis of the association between LTPA and job strain and that the association was significant. The excluded participants were more often women than men, and they were slightly younger and less educated than participants but they did not differ from participants in LTPA or in job Table 4 . OR for the tertiles of job strain and its components in adulthood according to four physical activity groups over a 9-year period a Significantly different from the 'persistently active' category: *P , 0.05, **P , 0.01 and ***P , 0.001.
b Adjusted for baseline age, sex, educational levels, occupational status and smoking. strain. Thus, a selection bias in the participants seems unlikely. Another limitation is that we studied only physical activity during leisure but did not include work-related physical activity and commuting physical activity. In the present study, however, both baseline and follow-up physical activity seemed to have a preventive influence on job strain. The physical load in modern occupations is rather low and evidently leisure-time physical activity forms a major part of total physical activity. Finally, the study was conducted with a racially homogeneous Finnish sample, which is representative of the general population of the same age in Finland. The results may not be generalized to the populations with racial or ethnic minorities [3] . Although the causality of the associations was not confirmed, it is important to note that, in contrast to most previous studies, LTPA measured 9 years before was related to job strain in this study, thus leaving the way open also for possible causal explanations. Because both exposure and outcome variables were measured through selfreports, it is possible that response set, i.e. a person's habitual affective or cognitive way to answer questions, for example mainly positively or mainly negatively, has influenced the results. In our study, however, the significant relationships were found to be so clear that the response set could not be the only explanation.
Our results relating to the preventive role of LTPA in the development of job strain are consistent with results from some previous studies that have reported crosssectional associations between job strain and LTPA [3] [4] [5] [6] [7] . For example, in a large cross-sectional study of Finnish public sector employees, there was independent but weak association between high job strain and low level of LTPA in both sexes [4] . Similarly, high job strain was significantly associated with low physical activity in American white workers [3] . Our study is also consistent with the finding that habitual physical activity was reported frequently as a means of coping with job-related stress among young adults [25] . It is possible that functional abilities through increased physical activity may affect perceived daily workload of working people.
There is evidence that participation in regular physical activity may lead to enhanced overall physical capacity and fitness to cope with the demands of the job, either physical job demands or mental job demands, at the workplace [26] . In a 28-year follow-up of industrial employees in Finland, vigorous LTPA was independently associated with reduced risk of poor physical functioning later in life [27] . A current review concluded that lack of leisure-time vigorous physical activity is associated with poor work ability [28] . It is possible that regular physical activity may improve functional capacity and cardiorespiratory fitness to handle and reduce work-related stress and may increase productivity and effectiveness that carries over into adult working life. Other evidence suggests that regular physical activity may play an important role in psychological well-being and can be used as a means to improve mood and self-esteem [29] . Furthermore, participants engaging in regular physical activity enhance the effectiveness of psychotropic treatment therapies and to have better quality of life and health outcomes across a variety of mental conditions [30] .
With regard to the impact of baseline and follow-up LTPA on job strain and its components, the exposure and outcome variables were defined using both categorical (tertiles) and continuous (linear) methods to verify whether they would lower misclassification rates [24] . The consistent effects were obtained using both methods. The continuous LTPA at both time phases was found to be significantly associated with job strain and its components in adulthood. A dose-response effect was also found at the most active tertile, especially for more intensive, frequent and organized physical activity. Although our analysis suggests the long-term impact of regular vigorous LTPA on the perception of job strain in a young working population, the finding does not rule out the possibility that there is a non-differential misclassification bias that may have led to an underestimation of the true association between exposure and outcome. Our findings suggest that not only current LTPA but also LTPA history, specifically persistent LTPA across the 9 years, may be important for the prevention of job strain in adulthood. Participation in regular physical activity during leisure may help young adults to cope with job strain. A long-term benefit of LTPA may play a role in the development of mental well-being and can be used as a means to prevent or reduce job strain. 
Key points
• The effect of regular leisure-time physical activity, specifically that of persistent leisure-time physical activity, may be important for the prevention of job strain.
• A long-term benefit of leisure-time physical activity is that it may help young adults to cope with job strain.
• Sustained benefit of leisure-time physical activity may play a role in the development of mental well-being and can be used as a means to prevent or reduce job strain. 
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